Introduction
Guidelines are published in an effort to promote best practice, and to optimize the care of patients. They have to be based on the best available scientific, evidence-based methodology and must incorporate the latest developments and evidence on the care. They are also designed to minimize variations in practice, by bringing everyone up to best performance. It has been shown that adherence to a protocol based on guidelines may significantly improve mortality and outcome [14, 32, 119] .
The development of guidelines may follow different approaches: either evidence-based as chosen by the Brain Trauma Foundation [15] or, where there is a lack of high-quality evidence, consensus-and expert opinion-based as developed by the European Brain Injury Consortium (EBIC) [72] .
Evidence-based guideline development links recommendations directly to scientific evidence of effectiveness; rules of evidence are emphasized over expert opinion in making recommendations [15, 125] . The classification of evidence into three categories leads to the formulation of recommendations called Standards, Guidelines, and Options (Table 1) . This terminology was developed to indicate the strength of the recommendations based upon the strength of scientific medical evidence.
In the past years, several guidelines have been published regarding the treatment and the diagnostic work-up of patients suffering from traumatic brain injury (TBI) [1, 5, 6, 8, 15, 51, 72, 103, 115, 121] . They show that with regard to the surgical management of acute epidural hematomas, acute subdural hematomas, traumatic parenchymal lesions, posterior fossa mass lesions, as well as depressed skull fractures there is a lack of controlled studies, which would allow to define standards of treatment or guidelines, respectively. Most recommendations are based on expert opinion and clinical experience, so-called Class III recommendations or practice Options (see below). Recommendations may not necessarily be weak where the evidence is weak, especially when the logic of the recommendation and all the evidence supporting it, however weak, as well as clinical experience all support the recommendation [15] . One such example is the recommendation regarding timing of evacuation of epidural hematomas. According to the paradigm embraced and used in the "Guidelines for the management of severe traumatic brain injury" (STBI), case series indicate that patients who have a Glasgow Coma Scale (GCS) score of ≤ 8 with evidence of a "blown pupil" and who are operated upon early on, achieve better outcomes. However, this level of evidence can only support a practice Option. Yet, no competent neurosurgeon will allow a patient in this clinical scenario to be neglected when the need for surgical relief of brain compression is so clear. It is fairly certain to say that there will never be a randomized controlled trial for this circumstance, and thus never a practice "Standard". On the other hand, there is no evidence that waiting to operate upon such a patient is beneficial, and therefore an "Option" to delay surgical evacuation will also probably never be promulgated. If, indeed, such a recommendation were put forward, it would never be accepted by the profession, and rightfully so misinterpreted.
Nonetheless, treatment protocols serve an important purpose, because they may improve management of TBI patients by promoting uniform decision-making in the treatment of these patients, thus also facilitating comparison of patient populations across treatment centers. For example, this may be of importance where we try to identify the few patients likely to suffer from complications among the large number of patients who sustain a mild to moderate head injury (GCS 13-15, and 9-12, respectively). The avoidance of secondary cerebral ischemia is another area, where guidelines seek to promote a more uniform course of action.
In this present review we will address the problem of employing the adequate diagnostic tool (skull X-ray [SR] vs. computed tomography [CT]) following mild head injury, as well as discuss the indications and timing of decompressive craniectomy (DCE) in the neurosurgical treatment of patients with TBI.
Mild Traumatic Brain Injury
Mild traumatic brain injury (MTBI) is defined as the consequence of blunt (nonpenetrating) impact with sudden acceleration, deceleration or rotation of the head with a GCS score of 13-15 [110] on admission to hospital [121] . The primary goal of initial management in MTBI is to identify the patients at risk for intracranial abnormalities and especially those who may need neurosurgical intervention.
Therefore the Neurotraumatology Committee of the World Federation of Neurosurgical Societies (WFNS) [100] has classified mild head injury in adults as • low-risk mild head injury: those patients with a GCS of 15 and without a history of loss of consciousness, amnesia, vomiting, or diffuse headache; • medium-risk mild head injury: those with a GCS of 15 and one or more of the following symptoms: loss of consciousness, amnesia, vomiting, or diffuse headache; • high-risk mild head injury: those with an admission GCS of 14 or 15, with a skull fracture and/or neurologic deficits. Patients with one of the following risk factors -coagulopathy, drug or alcohol consumption, previous neurosurgical procedures, pre-trauma epilepsy, or age > 60 years -are included in the high-risk group independently of the clinical presentation.
An outcome study of patients who had a head injury suggested that patients with a low risk of dying -that is, patients with mild head injury -are at the greatest risk of inadequate diagnosis and treatment [58] . Most of the preventable mortality arose from late diagnosis of deterioration in patients who initially seemed to have minor inju- [121] has listed the risk factors for intracranial complications following mild head injury ( Table 2) .
In conscious (GCS 15) and neurologically normal patients the finding of a linear fracture of the cranial vault increases the risk of intracranial hematoma considerably [76, 109] . Therefore the Society of British Neurological Surgeons [103] recommends conventional SR in two planes according to the criteria in Table 3 in order to identify patients at risk of developing a surgically significant intracranial hematoma. Indication to perform a CT scan or to transfer the patient to another hospital, therefore, was based on the presence of a skull fracture. However, more recent studies have questioned the value of conventional SR in MTBI. Hofman et al. [48] found that the probability of intracranial hematoma in patients with MTBI and skull fracture is not elevated 41-fold [76] but only by a factor of 5. Severe intracranial pathology may be present even in the absence of a fractured skull. Furthermore, skull factures are often missed by the less experienced physicians [111] , who usually see most patients with MTBI in most institutions. This will decrease the sensitivity of the SR even further. Even in detecting skull fractures CT was found to be superior to plain X-rays [112] .
The "EFNS guideline on mild traumatic brain injury" [121] therefore postulates: "Skull radiography is of insufficient value in the detection of intracranial abnormalities in patients with MTBI (Grade A, recommendation)", and "CT is the gold standard for the detection of intracranial abnormalities and is a safe method for home triage". Similarly, the WFNS [100] recommends obtaining a CT scan from patients with "medium-risk mild head injury". If CT scanning is not so readily available, adults should have an SR and, if this shows a fracture, should be moved to the "high-risk" category and undergo CT scanning as every patient in the high-risk category. Table 3 . Guidelines for the initial management of head injuries: recommendations from the Society of British Neurological Surgeons [103] . CSF: cerebrospinal fluid.
Indications for skull X-ray after recent head injury

Orientated patient
• History of loss of consciousness or amnesia • Suspected penetrating injury • CSF or blood loss from nose or ear • Scalp laceration (to bone or 5 cm long), bruise or swelling • Violent mechanism of injury • Persisting headache and/or vomiting • In a child, fall from a significant height (which depends in part on the age of the child) • and/or onto a hard surface; tense fontanel; suspected nonaccidental injury Patient with impaired consciousness or neurologic signs All patients unless urgent CT is performed or transfer to neurosurgery is arranged Note: skull X-ray is not necessary, if CT is to be performed A liberal policy of CT scanning is warranted for pediatric patients with a high-risk mechanism of injury despite maintenance of normal neurologic status in the field and at hospital screening [102] .
When CT is available, plain X-ray films of the skull contribute little or no additional information for the clinical management of the acute head trauma patient.
In most major trauma centers, therefore, plain X-ray films of the skull have been supplanted by CT scanning [21, 28, 68, 69] , even if there is no agreement in the literature on whether patients with MTBI should undergo CT scan and be discharged home if inconspicuous, or whether all patients should be admitted but only a few undergo CT [105] . The EFNS task force [121] modified the decision schemes of the Dutch and Scandinavian guidelines [51, 115] for the initial management of MTBI ( Figure 1 ) and recommend a CT scan over plain X-ray in MTBI, if warranted as do the WFNS guidelines [100] .
Conclusion
CT scan is the gold standard for early detection of serious complications in MTBI. Only low-risk mild injury patients -those with a GCS score of 15 and without a history of loss of consciousness, amnesia, vomiting, or diffuse headache -do not need a CT. In these patients the risk of intracranial hematoma requiring surgical evacuation is definitively < 0.1 : 100 [31] .
For all other MTBI patients a CT scan is highly recommended. There is no sufficient data to conclude in which patients a normal initial CT scan may allow for immediate discharge home or if in-hospital observation is necessary.
Neurosurgical Interventions
The most serious complication of TBI is the occurrence of an intracranial mass lesion, i.e., a hematoma within the skull vault, which occurs in 25-45% of severe head injuries, and in 3-23% of mild to moderate TBI cases [113] . Without effective surgical management, an intracranial hematoma may transform an otherwise benign clinical course with the expectation of recovery, into a situation where death or permanent vegetative survival is imminent.
The aim of neurosurgical care is to minimize the secondary brain damage that occurs after a severe head injury [101] . This includes the evacuation of an intracranial mass lesion, the reduction of intracranial volume and external ventricular drainage with hydrocephalus. When conservative treatment fails, a DCE might be successful in lowering intracranial pressure (ICP). Two patient populations must be distinguished when addressing treatment guidelines in TBI: (A) patients who do not require surgical decompression, but who need monitoring of ICP in order to determine cerebral perfusion pressure (CPP), and (B) patients who will undergo neurosurgical treatment.
Mild traumatic brain injury CGCS = 13-15)
(A) Injuries, Requiring ICP Monitoring, but not Surgical Decompression ICP is derived from cerebral blood and cerebrospinal fluid (CSF) circulatory dynamics and can be affected in the course of many diseases of the central nervous system. Monitoring of ICP requires an invasive transducer [24] .
In patient with severe head injury the correlation between high ICP and poor outcome is widely accepted [3, 71, 84] . A recent review of data from twelve Canadian trauma centers also revealed a significant association between ICP monitoring and improved survival [63] .
So far, there have not been any prospective randomized trials analyzing whether ICP measurement in itself positively affects outcome following TBI. However, two class I studies [29, 82] and clinical experience show that ICP monitoring:
• allows the earlier detection of delayed intracerebral hemorrhage, • allows for lowering of ICP through CSF drainage (if an intraventricular monitoring device is used), • may avoid an uncontrolled (or unnecessary) ICP-lowering therapy with potentially severe unwanted side effects, • may help to predict outcome.
For comatose patients (GCS 3-8) with abnormal CT findings, ICP monitoring is recommended (Tables 4  and 5) . Generally, comatose patients with normal CT scans have a low risk of increased ICP, however, this risk increases for patients > 40 years or if systolic blood pressure is < 90 mmHg.
In patients with mild (GCS 13-15) or moderate TBI (GCS 9-12), no routine ICP monitoring is recommended, because these patients can be evaluated clinically. For young children the same recommendations are valid, regardless of the degree of closure of the fontanels. In patients who require ICP monitoring, a ventricular catheter (intracerebroventricular [ICV] device) connected to an external strain gauge transducer or catheter tip pressure transducer device is the most accurate and reliable method of monitoring ICP and enables therapeutic CSF drainage. Parenchymal catheter tip pressure transducer devices measure ICP similar to ventricular ICP pressure but have the potential for significant measurement differences and drift due to the inability to recalibrate. These devices are advantageous when ventricular ICP is not obtained or if there is obstruction in the fluid couple. Subarachnoid or subdural fluid-coupled devices and epidural ICP devices are currently less accurate [10, 24, 36, 64, 127] .
If an ICP monitor was placed in the emergency room, it can be used to assess the CPP and guide therapeutic interventions aimed at reducing ICP. If the multiply injured patient with TBI or a depressed level of consciousness is to undergo a lengthy (> 2 h) nonneurosurgical operation without full evaluation of potential brain injury, then an ICP monitor should be placed dur- 
Indications for intracranial pressure (ICP) monitoring in adults
In adult patients ICP monitoring is appropriate with severe head injury with an abnormal admission CT scan. Severe head injury is defined as a GCS 3-8 after cardiopulmonary resuscitation. An abnormal CT scan of the head is one that reveals hematomas, contusions, edema, or compressed basal cisterns. ICP monitoring is appropriate in patients with severe head injury with a normal CT scan, if two or more of the following features are noted at admission:
• age > 40 years • unilateral or bilateral motor posturing • systolic blood pressure < 90 mmHg. ICP monitoring is not routinely indicated in patients with mild or moderate head injury. However, a physician may choose to monitor ICP in certain conscious patients with traumatic mass lesions. ICP treatment should be initiated at an upper threshold of 20-25 mmHg. Interpretation and treatment of ICP based on any threshold should be corroborated by frequent clinical examination and cerebral perfusion pressure (CPP) data Table 5 . Guidelines for the acute medical management of severe traumatic brain injury in infants, children, and adolescents (Adelson et al. [1] ).
Indications for intracranial pressure (ICP) monitoring in children
In infants and children ICP monitoring is appropriate with severe traumatic brain injury (GCS ≤ 8).
The presence of open fontanels and/or sutures in an infant with severe traumatic brain injury does not preclude the development of intracranial hypertension or negate the utility of ICP monitoring. ICP monitoring is not routinely indicated in infants and children with mild or moderate head injury. However, a physician may choose to monitor ICP in certain conscious patients with traumatic mass lesions or in patients for whom serial neurologic examination is precluded by sedation, neuromuscular blockade, or anesthesia. Treatment for intracranial hypertension, defined as a pathologic elevation in ICP, should begin at an ICP ≥ 20 mmHg. Interpretation and treatment of intracranial hypertension based on any ICP threshold should be corroborated by frequent clinical examination, monitoring of physiologic variables (e.g., cerebral perfusion pressure), and cranial imaging ing surgery to guide management, provided coagulation parameters are acceptable [67] . Clinically significant infections or hemorrhage associated with ICP devices causing patient morbidity are rare and should not deter the decision to monitor ICP [46, 49, 124] .
In children and adults who are stable and who can be assessed clinically, repeated CT scans do not detect lesions requiring a change of treatment. They are therefore not required [13, 56, 107) . However, in patients with STBI and normal initial CT scan, in whom ICP is not monitored, at least one control CT scan is mandatory [70, 71] .
ICP treatment should be initiated at an upper threshold of 20-25 mmHg [11] . Interpretation and treatment of ICP based on any threshold should be corroborated by frequent clinical examination and CPP data [30, 78, 85, 103] . ICP monitoring may be stopped as soon as the patient becomes clinically assessable and if within the next 24 h no major therapeutic intervention is scheduled. For ICV devices the amount of necessary CSF drainage should not exceed 50 ml/24 h before removal.
(B) Injuries Requiring Neurosurgical Decompression
Prioritization of evaluation and treatment of head injuries versus systemic injuries will depend on the hemodynamic stability of the patient. The initial management of the head-injured should be similar to the polytrauma without head injury focusing on the rapid control of hemorrhage and restoration of vital signs and tissue perfusion [6] (Advanced trauma life support [ATLS ® ] guidelines). Cavity decompression may be necessary as well as temporary skeletal stabilization [37] . Stable patients should undergo a CT scan of the head performed before going to the operating room for systemic injuries to evaluate any potentially operative lesions such as an acute subdural or epidural hematoma. The clinical triad of depressed consciousness, unequal pupils, and hemiparesis is diagnostic of a mass lesion. However, all three findings may not be present, or may not be detectable in the tracheally intubated patient after administration of muscle relaxant [67] .
When a CT scan has to be postponed, insertion of an ICP monitoring device -after checking for adequate hemostasis [88] -may be helpful in optimizing intraoperative care for the TBI patient. Once the life-threatening injuries are stabilized, urgent head CT should be obtained. Intracranial compression must be relieved as quickly as possible in order to minimize the extent of secondary injury. When these lesions are associated with other life-threatening systemic injuries, simultaneous operations may need to be performed to achieve the best neurologic outcome.
The prognosis of intracranial mass lesions correlates directly with the time between onset of neurologic symptoms (pupillary abnormalities and/or neurologic deterioration) and the surgical evacuation of the lesion. Time from onset of coma to surgery is more important than time between trauma and surgery [12, 27, 43, 60, 96, 123] . Haselsberger et al. [43] found that in a group of patients with acute epidural hemorrhage, craniotomy for evacuation within 2 h led to 67% good outcomes and 17% mortality, whereas decompression > 2 h after onset of coma dramatically reduced good outcomes to 13% and increased mortality to 56%.
There is a lack of "Standards" or "Guidelines" with regard to surgical interventions in acute TBI. However, the absolute necessity to evacuate mass lesions precludes randomized controlled trials, as mentioned before. Tables 6 to 8 list the "Options" for surgical treatment of intracranial, extracerebral hematomas and for intraparenchymal hematomas as well as for depressed skull fractures [15] .
Decompressive Craniectomy
The importance of intracranial hypertension in determining the outcome of head-injured patients is well known [9, 16, 77, 78] and has been confirmed only recently by Juul et al. [55] in a large clinical trial.
Following TBI, raised ICP refractory to standard treatment measures (sedation, ventricular CSF drainage, mild hyperventilation, mannitol) is a common problem [106] . It is estimated that 10-15% of patients admitted with STBI will ultimately manifest medically and surgically intractable elevated ICP with an associated mortality of 84-100% [65, 84] . An obvious way to convert the closed box surrounding the brain into an open box is to open the skull by craniectomy, which has been performed for decades [17, 23, 38, 57, 61, 91] .
In recent years there has been a renewed interest in the use of DCE [87] for control of otherwise intractable ICP in adult patients [35, 40, 42, 44, 89] as well as in children [33, 45, 92, 95, 108] with head injuries and severe intracranial hypertension, but no surgical mass lesion. Horizontal midline shift and compression of the basal cisterns, as demonstrated by CT scan, are well-known predictors of poor outcome [114, 117] . There is evidence that the operation does favorably influence ICP. In both animal and human studies, surgical decompression has been found to lower ICP by increasing intracranial volume [4, 7, 25, 38, 41, 42, 44, 47, 54, 61, 78, 89] . Muench et al. [81] found that the mean volume gained by surgical decompression ranged from 15.9 to 347.4 cm 3 with a median volume of 73.6 cm 3 . In subtemporal craniectomy without opening the dura, Alexander et al. [4] measured a gain of 30 cm 3 in volume. Craniectomy also improves dynamics of ICP [25, 40, 42, 89, 95] . Yoo et al. [126] monitored the ventricular pressure continuously, during bilateral decompressive procedures and during the postoperative period. The initial ventricular ICP was variable, ranging from 16 to 65.8 mmHg. Immediately after bilateral craniectomy, the mean ventricular ICP decreased to 50.2 ± 16.6% of the initial ICP (range 5-51.5 mmHg). Additional opening of the dura decreased the mean ICP by an additional 34.5% and reduced the ventricular pressure to 15.7 ± 10.7% of the initial pressure (range 0-15 mmHg). Ventricular pressure measured postoperatively in the neurosurgical intensive care unit was lowered to 15.1 ± 16.5% of the initial ICP. The ventricular ICP trend in the first 24 h after decompressive surgery was an important prognostic factor; if it was > 35 mmHg, the mortality rate was 100%. The same experience was reported by Jourdan et al. [54] in patients suffering from cerebrovascular accidents. After flap removal, ICP decreased by 15% and, after opening of the dura, it fell a further 70%. In six patients they were able to carry out continued postoperative monitoring of ICP, which stayed < 50% of initial values. This decrease in ICP is sustained for hours [89] . This two-leveled drop in ICP was also noted by Jaeger et al. [52] . In that study, simultaneously, tissue oxygenation (P ti O 2 ) increased rapidly from 0.8 kPa (6 mmHg) to 3.07 kPa (23 mmHg). P ti O 2 and ICP remained at noncritical ranges postoperatively. Whitfield et al. [122] reported beneficial effects of decompression also on other ICP variables, such as ICP waveform, the magnitude of slow ICP waves, and the correlation coefficient between ICP amplitude and ICP; CPP, however, was not affected. Examining the effects of the procedure on CT appearance, a decrease in midline shift and improved visibility of the mesencephalic cisterns were observed as a result of decompression [81] .
Indications
When discussing DCE, two entirely different situations have to be distinguished [116] : Table 6 . Brain Trauma Foundation: surgical management of traumatic brain injury (Bullock et al. [15] ).
Surgical management of acute epidural hematomas
Indications for surgery • An epidural hematoma > 30 cm 3 should be surgically evacuated regardless of the patient's Glasgow Coma Scale score • An epidural hematoma < 30 cm 3 and with < 15 mm thickness and with < 5 mm midline shift in patients with a Glasgow Coma Scale score > 8 without focal deficit can be managed nonoperatively with serial CT scanning and close neurologic observation in a neurosurgical center • It is strongly recommended that patients with an acute epidural hematoma in coma (Glasgow Coma Scale score < 9) with anisocoria undergo surgical evacuation as soon as possible Timing It is strongly recommended that patients with an acute epidural hematoma in coma (Glasgow Coma Scale score < 9) with anisocoria undergo surgical evacuation as soon as possible Methods There are insufficient data to support one surgical treatment method. However, craniotomy provides a more complete evacuation of the hematoma
Surgical management of acute subdural hematomas
Indications for surgery • An acute subdural hematoma with a thickness > 10 mm or midline shift > 5 mm on CT should be surgically evacuated, regardless of the patient's Glasgow Coma Scale score • All patients with acute subdural hematoma in coma (Glasgow Coma Scale score < 9) should undergo intracranial pressure monitoring • A comatose patient (Glasgow Coma Scale score < 9) with a subdural hematoma < 10 mm thickness and midline shift < 5 mm should undergo surgical evacuation of the lesion, if the Glasgow Coma Scale score decreased between the time of injury and hospital admission by 2 or more points on the Glasgow Coma Scale and/or the patient presents with asymmetric or fixed and dilated pupils and/or the intracranial pressure exceeds 20 mmHg Timing In patients with acute subdural hematoma and indications for surgery, surgical evacuation should be done as soon as possible Methods If surgical evacuation of an acute subdural hematoma in a comatose patient (Glasgow Coma Scale score < 9) is indicated, it should be done using a craniotomy with or without bone flap removal and duraplasty (1) the prophylactic DCE during evacuation of a mass lesion, based on clinical signs (neurologic state, CT scan, intraoperative swelling) instead of physiological parameters, and (2) the therapeutic DCE -when in patients not suffering from an evacuable mass lesion fatal pontine damage is already primarily present or -when with protocol-driven management ICP becomes intractable. Typically, therapeutic DCE is considered a last resort when staged application of medical interventions (including hypothermia and barbiturates) and ventricular CSF drainage have failed to control posttraumatic intracranial hypertension [40, 74, 75, 83, 98, 122] of > 30 mmHg when associated with a CPP of < 70 mmHg, or Table 7 . Brain Trauma Foundation: surgical management of traumatic brain injury (Bullock et al. [15] ).
Surgical management of traumatic parenchymal lesions
Indications for surgery • Patients with parenchymal mass lesions and signs of progressive neurologic deterioration referable to the lesion, medically refractory intracranial hypertension, or signs of mass effect on CT scan should be treated operatively • Patients with Glasgow Coma Score (GCS) 6-8 with frontal or temporal contusions > 20 cm 3 in volume with midline shift > 5 mm and/or cisternal compression on CT scan, and patients with any lesion > 50 cm 3 in volume should be treated operatively • Patients with parenchymal mass lesions who do not show evidence for neurologic compromise, have controlled intracranial pressure (ICP), and no significant signs of mass effect on CT scan may be managed nonoperatively with intensive monitoring and serial imaging Timing and methods Craniotomy with evacuation of mass lesion is recommended for those patients with focal lesions and the surgical indications listed above. Bifrontal decompressive craniectomy within 48 h of injury is a treatment option for patients with diffuse, medically refractory posttraumatic cerebral edema and resultant intracranial hypertension. Decompressive procedures, including subtemporal decompression, temporal lobectomy, and hemispheric decompressive craniectomy, are treatment options for patients with refractory intracranial hypertension and diffuse parenchymal injury with clinical and radiographic evidence for impending transtentorial herniation
Surgical management of posterior fossa mass lesions
Indications for surgery • Patients with mass effect on CT scan or with neurologic dysfunction or deterioration referable to the lesion should undergo operative intervention.
Mass effect on CT scan is defined as distortion, dislocation, or obliteration of the fourth ventricle, compression or loss of visualization of the basal cisterns, or the presence of obstructive hydrocephalus • Patients with lesions and no significant mass effect on CT scan and without signs of neurologic dysfunction may be managed by close observation and serial imaging Timing In patients with indications for surgical intervention, evacuation should be performed as soon as possible, since these patients can deteriorate rapidly, thus worsening their prognosis Methods Suboccipital craniectomy is the predominant method reported for evacuation of posterior fossa mass lesions, and is therefore recommended Table 8 . Brain Trauma Foundation: surgical management of traumatic brain injury (Bullock et al. [15] ).
Surgical management of depressed skull fractures
Indications for surgery [122] . For Kontopoulos et al. [59] the indication for DCE included the appearance or deterioration on the CT scan of diffuse unilateral or bilateral brain swelling in correlation with clinical deterioration, dilatation of pupils, unresponsiveness to light, increase of ICP to > 30 mmHg and/or reduction of CPP to < 60 mmHg for a period > 15 min and failure to respond to maximal medical treatment mentioned above. In children, Ruf et al. [95] initiated DCE including dura opening in cases of a sustained increase in ICP > 20 mmHg for > 30 min despite maximally intensified conservative therapy (optimized sedation and ventilation, barbiturates or mannitol). In rare cases therapeutic DCE is performed in order to decompress brain swelling due to diffuse axonal injury grade III according to Marshall et al. [73] diagnosed on initial CT scan. Coplin et al. [20] start DCE as the initial surgical intervention for STBI with horizontal midline shift greater than explained by a removable hematoma. Prophylactic DCE [81] is performed by refraining from reinserting the removed skull flap after evacuating a mass lesion (acute epidural hematoma, subdural hematoma or intraparenchymal lesion).
Polin et al. [89] argue that once the ICP reaches a sustained level > 40 mmHg, the chance for intervention before permanent neurologic devastation has passed. Similarly, if the patient is not operated on promptly, sustained damage from elevated ICP can preclude recovery.
Technique
There is considerable debate in terms of the nuances of the type and the extension of subtemporal decompression:
• fronto-parieto-temporal unilateral [81] versus bilateral; • bifrontal with/without cutting through the superior sagittal sinus and the falx cerebri [57, 89, 118, 122 ]; • subtemporal decompression [4, 38] ; • circumferential craniotomy [17] . Furthermore, the dura may be left intact, scarificated [90] , sliced [79] or it may be augmented by a plasty [20] . In order to reduce venous congestion, the creation of vascular tunnels may be considered [22] . The DCE may also be combined with a temporal lobectomy [66, 85] .
The most favorable effect seems to results from large fronto-subtemporo-parieto-occipital craniectomies combined with enlargement of the dura. It appears to be essential that the craniotomy extends down to the floor of the middle cranial fossa. Cranioplasty should be performed as earlier as edema has resolved [62] .
Complications
Despite several series of this procedure reported in the literature, the complication rate of the operation is unclear. Patients may develop intracerebral or subdural hematomas [80] necessitating evacuation, injury to the cerebral cortex, reactive cerebral edema and brain herniation through the defect escalating the problems [19, 34, 39] . Shift of the brain with variable degrees of necrosis, CSF leaks, injury to the venous sinuses and infections have been reported. DCE seems to increase the incidence of hygromas and hydrocephalus [40, 89] .
Rarely, a sinking scalp flap syndrome may develop, in which there is neurologic deterioration, thought to be related to the concavity of the skin flap and underlying brain tissue secondary to atmospheric pressure and also to the in-and-out displacement of the brain through the skull defect [97] . Care must be taken to avoid the sigmoid and superior sagittal sinuses to avoid complications related to thrombosis. Skull reconstruction itself is associated with infections and bone flap resorption after cranioplasty.
Clinical Outcome
The concern that DCE may save life at the expense of increasing the number of patients in vegetative state and severe disability appears not to be founded by the literature [86] . Based on the results of several different series [2, 26, 40, 59, 61, 81, 89] , the outcome following DCE is very variable in the long term: mortality rate ranges from 11% to 59%, a rate of "vegetative/severe disability" was observed in 11-41%, and the rate of "recovery/moderate disability" was reported to be between 25% and 66%.
Polin et al. [89] report that most of their failures consisted of heroic attempts to help patients recover from injuries from which they likely could not recover, operating on patients without severe ICP elevation whose poor neurologic states were likely secondary to diffuse axonal injury, or operating on patients with a GCS score of 3.
The reason for these conflicting results are the heterogeneous character of the patient population, the different indications and starting points for treatment, as well as different surgical procedures. Larger studies employing standardized protocols for neurosurgical intervention are clearly warranted.
Conclusion
The effect of DCE on outcome has not been established. There is, however, evidence that the operation does favor-ably influence ICP, intracranial volume and midline shift and basal cisterns as a surrogate endpoint [50, 81, 122] .
The guidelines established by the American Association of Neurological Surgeons (AANS) [15] name DCE as the last of the second-tier therapeutic options. However, among second-tier measures, DCE leads to the fastest relief by immediate reduction of intracranial hypertension and has the lowest rate of complications (systemic side effects) as compared to other medical options, notably barbiturates and hypothermia [18, 93, 94] . Moreover, the procedure is simple and safe. In our opinion, DCE should therefore be the first among second-tier therapeutic options rather than the last one.
DCE is currently being applied in the management of TBI with a wide range of outcomes reported in the literature. The fact that there are several series in the literature which are supportive of DCE, with evidence that the operation does reduce ICP and that ICP is related to outcome, strongly supports proceeding with randomized studies.
Proof of a beneficial effect of DCE on outcome may only be obtained with prospective randomized trials. Such a study should not only consider the indication for DCE but also the time point and the technique with regard to the dimensions of the hemi-and bifrontal craniectomies. Currently, such a multicenter study is being planned (RESCUE-ICP, http://rescueicp.com).
Overall Conlusion
Because of the lack of class I und class II studies, there are no standards nor guidelines concerning • the indication for CT scanning in patients suffering from MTBI, • the surgical management of acute epidural hematomas, acute subdural hematomas, traumatic parenchymal lesions, posterior fossa mass lesions, as well as depressed skull fractures. Therefore most recommendations are based on expert opinion and clinical experience, and satisfy criteria for so-called Class III recommendations or practice Options only.
Therefore, the general conclusions and recommendations created by the Brain Trauma Foundation [15] (evidence-based, where available) and the EBIC [72] (consensus-and expert opinion-based) are very similar.
Even if they do not meet class I or II standards, treatment protocols serve an important purpose, because they may improve management of TBI patients by promoting uniform decision-making.
